After diagnosis of non-functioning pituitary adenoma and impact assessment (pituitary deficiency, visual field disorder), the question of management arises between surgery and surveillance. This part of the Consensus document aims to clarify the principal situations encountered in clinical practice (visual disorder, pituitary deficiency, asymptomatic adenoma, etc.), so as to determine which ones indicate surgery and which ones simple surveillance. Particular contexts are also dealt with (elderly patients, young women hoping for pregnancy, etc). The principal surgical techniques (microscopy, endoscopy, etc.) are also considered. Finally, in case of surgery, the principal pathologic criteria are specified (immunolabeling, proliferation markers, etc.). © 2015 Elsevier Masson SAS. All rights reserved. 
Introduction
After diagnosis of non-functioning pituitary adenoma and impact assessment (pituitary deficiency, visual field disorder), the question of management arises, between surgery and surveillance. This part of the Consensus document aims to clarify the principal situations encountered in clinical practice, and to specify the criteria rendering surgery necessary, possible, or else, debatable with respect to simple surveillance. The principal surgical techniques are specified. Finally, the principle pathologic criteria to be determined on the operative specimen in case of surgery are defined to adapt postoperative treatment in case of remnant.
Indications for surgery

Symptomatic adenoma
Visual disorders
Improved vision is reported in some 80-90% of cases (including both partial and total recovery) [1, 2] . Recovery may be progressive, over a period of up to 1 year after surgery. Some studies highlighted a correlation between percentage recovery and duration and severity of campimetric disorder (acuity < 1/10 or optic atrophy being of poor prognosis) [3, 4] . In case of demonstrable visual disorder, surgery should therefore not be delayed; the urgency depends on the severity of visual impact. There are no clear data for a threshold time beyond which visual recovery after chiasma decompression is no longer possible. Visual disorders are an indication for surgery, even though complete recovery cannot be guaranteed.
Pituitary deficiency
The risk of onset of further pituitary deficiency associated with macroadenoma is estimated at 12% per year. Arafah et al. correlated preoperative deficiency, headaches and hyperprolactinemia to the potential for postoperative recovery: when all the criteria were met, postoperative recovery of deficiency and improvement in headaches were more frequent [5, 6] , correlating with intrasellar pressure. Surgery provided recovery of normal anterior pituitary function in about 30% of cases, at a mean of 1-year follow-up [7] ; the rate was higher for earlier management. Some teams indeed recommend surgery at the asymptomatic stage of macroadenoma [7] . The risk of postoperative deterioration in pituitary function is about 10% [3] . Postoperative recovery being uncertain, pituitary deficiency is thus probably not the main factor indicating surgery.
Headaches
The involvement of pituitary adenoma in headaches can only be established after ruling out all other possible causes (possibly after referral to a neurologist) and determining time of onset in relation to the natural history of the adenoma.
Headaches are classically due to distension of the dural envelopes [8] . Retro-orbital or vertex locations suggest pituitary etiology. If headaches do indeed implicate adenoma, surgery seems to be effective in relieving symptoms [3, 9, 10] . Disabling headache implicating adenoma thus seems to be an indication for non-emergency surgery, warning the patient that no direct causal relation can be proven and thus results cannot be guaranteed.
Asymptomatic adenoma
Surgical indications are founded on several factors:
• patient age. Non-emergency surgery may be considered in young patients without awaiting progression, given the low risk of postoperative visual impairment, the almost inevitable progression of adenoma over the long term, and the risk of definitive postoperative visual impairment if surgery is delayed awaiting onset of a campimetric visual-field effect; • the natural history of non-functioning adenoma (possible spontaneous increase or decrease in tumor volume). Losa et al. recently stressed that the risk of postoperative recurrence was lower with early surgery [11] ; • the risk of onset of campimetric impairment, correlated with the rate of tumor growth and proximity to the optic pathways; • the risk of onset of pituitary deficiency (12% per year in macroadenoma); • the risk of apoplexy (estimated at 1% per year in the absence of extra risk factors: see corresponding Consensus article); • risks inherent to trans-sphenoidal surgery: mortality is less than 1%; the risk of severe adverse events (osteomeningeal breach, meningitis, visual deterioration) is less than 5%; the risk of diabetes insipidus may reach 10%.
Progression is slow in microadenoma and surgery is not indicated. The natural progression of macroadenoma may indicate non-emergency surgery, depending on evolutive status, proximity to the optic pathways, and the patient's age.
Special cases
Elderly patients
Most studies set a threshold of 65 years for elderliness: physiological age would seem more relevant. There are, however, no data on complications or efficacy in patients aged over 75 years at diagnosis. Most studies combined secreting and non-secreting adenomas, making it difficult to know whether the complications reported relate exclusively to non-secreting adenoma.
Non-functioning adenoma accounts for 60-80% of adenomas in the "elderly", with incidence around 7% [12] [13] [14] . Characteristics seem to be identical to those found in "young" subjects, particularly as regards signs at diagnosis: the main presenting symptom is visual impairment, in 50-70% of cases [13] . Most patients present with macroadenoma of 2-4 cm on the long axis [12] .
Therapeutic decision-making needs to take account of visual impact, proximity to the chiasm, and comorbidity: 80% of patients have at least 1 comorbidity [12] . Anesthesia risk assessment is crucial, 10% of patients having ASA risk scores contraindicating surgery [15] . One study suggested that nonsecreting adenoma growth is slower in elderly subjects [16] . The risk of apoplexy, in the absence of extra risk factors (notably, antiplatelet and anticoagulant treatments) is identical to that for the pituitary adenoma population as a whole [17] .
Mortality is no higher than in the general population if anesthesia risk is well assessed (< 1% of mortality) [13] . The rates of visual recovery and recovery of pituitary deficiency are comparable to that of young subjects: 75% and 30%, respectively. Studies have reported higher rates of mortality and complications associated with craniotomy than with trans-sphenoidal surgery, and the latter approach should be the reference: the risk of severe complications (breach, meningitis) is identical. Hospital stay is longer (up to 20 days, depending on the report) [12] , which may be due to a slightly higher rate of postoperative hydro-electrolytic disorder (10% versus 6% in the general population) [14] , although some studies fail to confirm it and find no age-related difference [13, 15] . There is a risk of visual deterioration in 1-10% of cases.
Indications in 65-75 year-olds are the same as in young subjects, if comorbidity, anesthesia risk and patient impact are well assessed. In case of surgery, the approach should preferably be trans-sphenoidal, so as not to increase the risk of complications. In the absence of visual impact, simple annual MRI surveillance is sufficient. The lack of data for over 75 year-olds is to be borne in mind.
Young women with or without pituitary deficiency
Non-functioning adenoma is rare in young women, and published data are sparse [18] .
In case of visual field impairment, surgery is mandatory and should be undertaken quickly [19] .
In the absence of visual field impairment in a patient with macroadenoma and hoping for pregnancy, the decision to operate may be based on gonadotroph deficiency: surgery provides pituitary recovery in about 30% of cases (depending on progression), while deficiency is found at diagnosis in more than 80% of cases [8] . Gonadotroph deficiency may also be due to disconnection hyperprolactinemia, which usually resolves with surgery [19] .
When pregnancy is sought and there is no gonadotroph deficiency, the risk of tumor growth during pregnancy needs to be taken into account, although it is theoretically low, pregnancy being principally characterized by lactotroph cell hyperplasia; however, in association with macroadenoma, this may cause chiasmal compression, as reported in some cases [18, 20] . The decision to operate should therefore be based on adenoma size and proximity to the optic pathways: maximum pituitary gland height can increase by 12 mm during pregnancy [19] . In abstention from surgery, clinical surveillance should be at least 3-monthly, with visual field test and MRI without contrast enhancement in case of tumoral syndrome onset during pregnancy. The risk of apoplexy is slightly increased during pregnancy [17] .
If there is no pregnancy project in the medium term and no pituitary deficiency, the decision to operate is guided by the natural history of non-functioning adenoma: specifically, size and proximity to the optic pathways. Surgery is not urgent. It is not indicated in microadenoma, and may be considered on a non-emergency basis in macroadenoma remote from the optic pathways. Dekkers et al. reported that the risk of increase in macroadenoma size probably correlated with length of followup, with increase in 50% of cases for ≥ 5-years follow-up. Spontaneous reduction in size is rarer, reported in 11% of cases [3] . Two attitudes are possible: MRI surveillance with surgery in case of progression, or first-line surgery [21] . Progression from micro-to macro-adenoma is rare; in microadenoma in a young female patient, emergency surgery is therefore not indicated except in case of progression on MRI at 6 months to 1 year [3] .
For young female patients, surgery should respond quickly to any impairment of visual field. Gonadotroph deficiency is also an indication for surgery, although postoperative recovery is unsure. Pregnancy is not theoretically a risk factor for increasing adenoma volume, but there is a risk of campimetric impairment if the adenoma is close to the optic pathways. In that case, surgery should be considered; if it is not implemented, close clinical surveillance and visual field testing should accompany the pregnancy. If no pregnancy is planned and the adenoma shows no impact, MRI surveillance should be proposed, or else surgical intervention without awaiting progression.
Antiplatelets and anticoagulants
Anticoagulants: in the general population, the incidence of hemorrhage associated with anti-vitamin K (AVK) is estimated at 7% per year, and mortality at 1% [22] . AVK is associated with 7 to 10-fold elevation of spontaneous intracerebral bleeding. Withdrawal of AVK (in favor of heparin) is recommended 5 days ahead of surgery, to obtain normal INR (international normalized ratio), with reintroduction in the following 7 to 14 days.
Antiplatelets: the risk of intracranial hemorrhage is low. A study of meningioma surgery, however, associated antiplatelets with postoperative hematoma [23] . Preoperative withdrawal, on the other hand, is associated with increased morbidity and mortality, especially in patients with active stents; withdrawal thus requires the opinion of a cardiologist, 5 days ahead of surgery for aspirin and ideally 10 days ahead of surgery for clopidogrel.
Published data are scarce. A French study of 546 patients undergoing adenoma surgery while under long-course anticoagulants or antiplatelets reported a 6-folds rise in risk of postoperative hemorrhagic complications (epistaxis or hematoma of the operative cavity in 6% of cases, compared to 0.9% in the group without anticoagulants or antiplatelets) [24] .
There are presently no guidelines on withdrawal of anticoagulants and antiplatelets. Continuation doubtless increases the risk of postoperative hematoma. The decision should be made in coordination with the neurosurgeon, cardiologist and anesthesiologist.
Long-course anticoagulants or antiplatelets also increase the risk of pituitary apoplexy, which should be taken into account in deciding between surveillance and surgery.
Surgical options
Surgery for pituitary adenoma is no exception to the modernization of techniques and operating theater environment: diagnostic MRI, endoscopy, neuronavigation, intra-operative imaging. It is to be borne in mind that non-functioning adenoma is rarely aggressive, and a systematically maximalist attitude is to be eschewed. In certain cases, however, 2-step or extended surgery, possibly using an endocranial approach, may be necessary due to the complexity and/or aggressiveness of the tumor.
Endoscopy versus microsurgery
In non-functioning pituitary adenoma, which is almost always macroadenoma, surgery aims at optimal resection with minimal morbidity. Complete resection is certainly desirable, preventing recurrence or progression. At each stage of management, potential iatrogenic morbidity is to be weighed against the frequently benign nature of these tumors, and this balance is to be struck on a case-by-case basis. The quality of presentday imaging enables very reliable long-term follow-up, which may allow partial or subtotal resection, at lower cost, rather than complete resection with its risk of complications.
Since the 1960s and the work of Guiot and Hardy, the gold standard for pituitary surgery has involved a trans-sphenoidal approach under operative microscopy and intra-operative radiological guidance [25, 26] . The approach was initially described as sublabial rhinoseptal trans-sphenoidal: i.e., under the upper lip, along the nasal septum and across the sphenoidal septum. The surgeon made an incision in the superior gingival groove, resected or dislocated the nasal septum, removed the sphenoidal rostrum and opened the sphenoidal sinus to insert a speculum. Access to the adenoma was via the sella turcica floor, by fragmentation-aspiration resection. To simplify nasal postoperative course and increase comfort, a pure endonasal approach was introduced by Griffith and Veerapenen in 1987 [27] . In this variant of the sublabial approach, the surgeon accessed the sphenoidal sinus directly via one of the nasal cavities. Once the speculum was in position and the sphenoidal sinus open, surgery proceeded as on a sublabial approach. A recent modification by Kerr and Oldfield in 2008 did not greatly differ from the reference technique developed by Guiot and Hardy [28] . Since then, no randomized studies have demonstrated superiority between the initial technique and any of its variants, or indeed superiority for microscopy, although it is incontestably essential in neurosurgery and pituitary pathology.
Techniques, however, have shifted in favor of endoscopy, due to the frequent problem of postoperative residua (ranging from 70% to 10% in the main series) and the discomfort of several days' nasal packing and frequent upper gum hypoesthesia, combined with progress in nasal endoscopy in ENT pathology.
In the early 1990s, following an initial publication by Jankowski et al. in 1992 and North American and Italian studies, endoscopy began to compete with microscopy, which it replaced in certain teams [29] [30] [31] [32] . Postoperative comfort is better. Complication rates, once the initial learning curve has passed, are comparable between microsurgery and endoscopy [33] [34] [35] [36] . There have been no prospective randomized series to demonstrate superiority one way or the other, but the experience of expert pituitary surgery teams testifies to better control of lateral and superior extension under endoscopy and a review of endoscopically managed non-functioning pituitary adenomas found a higher mean rate of macroscopically total resection [34, 37] . Catapano et al.'s cadaver studies and Mattozzo et al.'s clinical studies of patients undergoing surgical revision for residuum found wider sella turcica opening with endoscopy compared to microscopy and, in the latter study, that primary opening had been too narrow [38, 39] . Finally, a recent metaanalysis by Ammirati et al. found no benefit of endoscopy over microscopy in terms of resection quality, but rather a higher rate of vascular complications; the meta-analysis, however, covered all endoscopy series, including early learning curves, whereas the microscopy series reported results from teams beyond the learning stage [40] .
At all events, microscopy surgery is progressively being replaced by endoscopy; more than the instrument, however, it is the surgeon's experience that counts. Objectives and indications are the same, in either case. Placing endonasal pituitary surgery in the context of other surgical specialties (urology, ENT, abdominal and gynecological laparoscopic surgery) treating hollow organs or using cavities such as the nasal fossae, it is more than likely that, within two decades from now, endoscopy will have entirely supplanted microscopy in pituitary adenoma surgery.
Complications are few in pituitary surgery (essentially, ENT, endocrine or ophthalmologic morbidity, osteomeningeal breach, meningitis and vascular wounds) and directly correlated with the surgeon's experience, arguing for hyperspecialization in pituitary neurosurgery [41, 42] .
Two-step surgery, extended and endocranial approaches
Endoscopy also enables extended approaches, with access to the intradural compartment, by removing the tuberculum sellae, chiasmatic groove and posterior part of the jugum sphenoidale (transtubercular approach). This may be useful in case of suprasellar extension that refuses to descend after intrasellar debulking. In this case, 2-step surgery may also be considered: cerebral pulsation will, in many cases, cause the suprasellar expansion to migrate into the sella turcica, rendering it accessible on a repeated classical trans-sphenoidal approach. Two-step surgery is less aggressive than an extended approach, although requiring a second general anesthesia and second hospital admission. The intra-operative decision criteria are subjective. Two-step surgery is a useful option if the suprasellar residuum is not too large and intra-operative hemostasis can be achieved. Otherwise, there is a severe risk of hemorrhagic apoplexy of the suprasellar fragment, and an extended 1-step procedure is preferable. The decision is made intra-operatively. Situations encountered can be very variable; attitudes vary from team to team, and it is difficult to draw up any rule. Likewise for endocranial approaches: in some rare cases of sometimes giant adenoma with anterior, retroclival or lateral extension toward the Sylvian fissure, or "mushrooming" in or toward the central gray nuclei, either an isolated endocranial approach or a combined endocranial and transsphenoidal approach, in a single step or at a few days' or weeks' interval, may be used [43] [44] [45] . There are no rules as to the sequence and timing of a combined approach.
Indications are rare and mainly concern expert centers; the decision depends essentially on tumor extension, but also on team experience and habits.
Role and benefit of intra-operative imaging
Historically, the first method of intra-operative guidance was radioscopy, providing information exclusively in the sagittal plane. The method is now obsolete, and moreover exposes all those present in the surgery room, as well as the patient, to ionizing radiation.
Neuronavigation based on preoperative CT and/or MRI provides information in all 3 planes and is the method now used for intra-operative guidance in neurosurgery. Resolution is now of the order of a millimeter [46] . There are no randomized studies demonstrating benefit, but it is applicable in the following circumstances:
• training: notably in the early learning curve, to gain familiarity with the endonasal endoscopic approach; • teaching: to point out the anatomic details of the various stages of the approach; • in case of unusual anatomy or remodeling (sinus concha, acromegaly); • when the usual anatomic landmarks are liable to be lost, as in adenoma that has destroyed or invaded the sphenoidal sinus, or in surgery for recurrence in which the previous landmarks have been damaged or removed by primary surgery; • whenever surgery is "extended" to structures neighboring the sella turcica.
Intra-operative CT and/or MRI are probably the attitude of the future. In a non-dedicated surgery room, however, only a lowfield low-definition system is feasible. High fields (1.5 Tesla and above) are more reliable in assessing intra-operative residua, but require specific and very costly equipment, not available in most centers. The true benefit of intra-operative MRI remains to be established [47] . Publications from centers in which it is used have been encouraging [48] [49] [50] [51] .
Anatomopathology
General considerations
Clinically and/or biologically non-functioning pituitary adenoma cover 3 different histologic types according to the current pathology classifications [52] :
• gonadotroph adenoma (FSH/LH) and the nonimmunoreactive variant known as "null cell adenoma", which constitute the great majority [53] [54] [55] ; • silent corticotroph adenoma (ACTH), also known as "silent type 1 or 2 adenoma" (reviewed in [56] ); • and silent somatotroph (GH) or mixed GH-PRL adenoma (GH-PRL ± TSH), also known as "silent subtype 3" [57] [58] [59] .
The first clinical [60] and histological [61] descriptions of pituitary adenoma with FSH hypersecretion date back to almost 40 years, and the first series (8 cases) of gonadotroph adenoma with and without LH/FSH hypersecretion to more than 30 years [55] .
In Lyon (France), pathology series of more than 3000 tumors studied immunocytochemically since 1986, the rate of non-functioning adenoma was 35%. With improvements in the sensitivity and reproducibility of automated immunocytochemistry since 2007, the proportion of non-immunoreactive adenomas has fallen from 15% to 1% and that of gonadotroph adenoma has risen from 22% to 35% (178/502 tumors operated on in 2007-2012). Silent GH-PRL and ACTH adenoma now accounts for 8% of operated adenomas and 18% of nonfunctioning adenomas (40/218), silent ACTH adenoma being the most frequent form. In clinical and neurosurgical series, these 3 types of non-functioning adenoma are often, mistakenly, grouped together for analysis, whereas they are in fact very different histologically and clinically, and probably in terms of progression.
Clinicopathologic data 4.2.1. Tumor size and invasion
At the present time, pathologic diagnosis of pituitary adenoma and of non-functioning adenoma in particular (cf. check-list below) should include imaging data and intraoperative findings to assess tumor size and invasive/non-invasive status, as histological proof is possible in only 10% of tumors found to be invasive on MRI: the intracavernous fragment close to the internal carotid artery is rarely included in the specimen.
Histology, immunocytochemistry and proliferation
Non-functioning adenoma is identifiable on immunohistochemistry, but silent ACTH or GH-PRL adenoma may also be suspected on histology as their aspect resembles their symptomatic clinical variant with acromegaly or Cushing's disease. We deal here only with gonadotroph adenoma.
Gonadotroph adenoma shows diffuse or, more often, a cord arrangement, with well-developed vascularization; in rare cases, it may be hemorrhagic or necrotic. The cells are well-delineated, oval or polyhedral, without signs of secretion (small nuclei without nucleoli). Immunocytochemistry is indispensable, but involves technical problems relating to fixation and antibody specificity. Gonadotroph hormone detection is negative with AFA fixation and rare with 4% buffered formaldehyde; some antibodies show negative or non-specific reaction. The fixative, preferably formaldehyde-zinc, and the antibody reference (clone) should be specified in the pathology report. In immunocytochemistry, all cells are strongly positive to anti-chromogranin A antibodies. Thus, strongly and diffusely expressed chromogranin A in necrotic adenoma suggests gonadotroph adenoma, reaction with anti-pituitary hormone antibodies being usually negative. In gonadotroph adenoma, the percentage of cells immunoreactive to anti-gonadotroph hormone antibodies varies from 100% to a few islands, and is usually low (20-30%), with immunoreactive cells localized by area (Appendix A). In some tumors, cells are positive for all 3 ␤FSH, ␤LH and ␣-sub-unit antibodies, while in others they are positive only for ␤FSH or, more rarely, ␤LH or ␣ sub-unit. When only few cells (< 5%) are immunoreactive, null-cell type adenoma is diagnosed, although it secretes gonadotroph hormones in culture and shows granulation on electron microscopy. Plurihormonal gonadotroph adenoma is rare, except in type-1 multiple endocrine neoplasia (MEN1) [62] . In case of remnant and especially of progression, somatostatin receptor detection is performed, using new highly specific antibodies to guide somatostatin analog prescription: 26% of gonadotroph adenomas express type-2 somatostatin receptor (SSTR2), SSTR5 being rare and often focal [63] .
To assess the risk of recurrence or progression, it is important to specify proliferative status by systematically testing the 3 proliferation markers: proliferation index assessed on Ki-67 antibody, mitotic activity, and p53 expression. Ki-67 expression has been especially well studied [64, 65] . Results concerning association with invasiveness and recurrence/progression are contradictory. However, automated immunocytochemistry makes detection of these nuclear markers more reproducible, and analysis of the literature, including the recent studies by Jaffrain-Rea et al., [66] and Righi et al., [67] , shows that Ki-67 > 3% predicts recurrence/progression with high specificity (89%) but poor sensitivity (54%). The interest of mitotic activity and p53 expression is even more debatable. We suggest noting, in the pathology report, the number of mitoses per 10 wide fields with a 40× magnification lens, with a threshold of n > 2, and P53 expression (positive for > 10 positive nuclei per 10 wide fields at 40×), or as percentages. In some recurrent tumors or even carcinomas with metastasis, the Ki-67 index may be low and the mitosis count high. We therefore recommend testing all 3 markers systematically, classifying the tumor as proliferative only when at least 2 are above threshold. Following the multidisciplinary multicenter HYPOPRONOS study, we recommend a new classification in 5 grades, the prognostic value of which has been demonstrated on multivariate analysis (P < 0.001) [68] . Other molecular markers have also been described for nonfunctioning pituitary adenoma, but their prognostic value with regard to recurrence and progression remains to be validated.
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To be discussed: type 2 and 5 somatostatin receptors
III. Molecular biology
To be discussed: fragment freezing and conservation at -80 • C for micro-array, PCR and CGH study.
